In 2016, Brazil emitted 18.25 Tg of methane. Some of these emissions occur through continental aquatic ecosystems, locations of fate and accumulation of organic and inorganic matter. Thus, the aim of this study is to evaluate the origin of organic matter in Rodrigo de Freitas Lagoon, an eutrophic, coastal and chocked lagoon in Rio de Janeiro, Brazil, through the determination of n-alkanes and sterols compounds in the upper two centimeters of sediment and compare these data with methane ebullitive flux. The concentrations of n-alkanes varied between 2.43 and 25.82 µg g -1
INTRODUCTION
Methane (CH 4 ) concentrations in the atmosphere have been significantly increasing in the last and the present century. It has been recently reported that, compared to pre-industrial period, methane levels were 150% and 257% higher in 2011 and 2016, respectively.
1,2 About 60% of the global methane emissions are of anthropic origin, such as those produced in landfills during activities linked to rice farming, burning of fossil fuels and livestock, with estimated emissions around 352(340-360) TgCH 4 yr -1 . 3 On the other hand, non-anthropic emissions produced in continental aquatic ecosystems, such as lakes, coastal lagoons and ponds were up to 120 (60-180) TgCH 4 yr -1 . 3, 4 In this context, coastal lagoons are characterized by restricted connection to the sea and a long water retention time, which produces sites of fate and accumulation of organic and inorganic matter, [5] [6] [7] whose carbon content reaches the environment to be degraded and emitted into the atmosphere. [8] [9] [10] The metabolization of carbon in anoxic freshwater sediments contributes to high methane emissions. 11, 12 In addition, these lagoons generally undergo anthropic influences, such as the discharge of urban and industrial waste, which accelerates the process of eutrophication, inducing an higher oxygen consumption and anaerobic decomposition in the sediments and consequently increasing the CH 4 release into the atmosphere. 13 To understand the origin of organic matter present in these systems and to obtain information about their source, transport and fate, some lipidis biomarkers have been determined, such as n-alkanes and sterols.
14 Lipids are insoluble in water, but can be extracted by solvents that dissolve fats. Its chemical composition can be used to assess organic matter origin, since the compounds are specific to their source, and their molecules are highly preserved in aquatic environment. N-alkanes are dominant constituents among biogenic hydrocarbons and important biomarkers because of their resistance to degradation. 15 They originate from various sources, such as marine organisms, terrestrial plants, anthropic activities and petrogenetic contamination, being differentiated by the distribution pattern of their compounds in the samples. [16] [17] [18] The lipid group of sterols has also been used as biomarker. Most sterols are poorly soluble in water, hard to be anaerobically degradaded and, consequently, accumulate in marine sediments. 19 Sterols can be good indicators of domestic effluents present in aquatic environments 20 and have been used in several studies about coastal regions. [21] [22] [23] In addition, they can help to characterize the organic matter sources distinguishing plankton, higher plants, fungi and bacterial activity. [24] [25] [26] The importance of coastal lagoons as potential ecosystems for emission of greenhouse gases is related to the accumulation of different forms of organic carbon. Thus, the present study aimed to evaluate the origin of organic matter in an urban, coastal and eutrophic lagoon located in the city of Rio de Janeiro / Brazil, Rodrigo de Freitas Lagoon, through the determination of n-alkanes and sterols forms found in the upper two centimeters of the sediment, as well as to compare these data with methane emission from ebullitive flux.
Study area
The Rodrigo de Freitas Lagoon is located in the city of Rio de Janeiro under the coordinates 22°57'22" to 22°58'09" S and 43°11'09" to 43°13'03" W ( Figure 1 ). According to the Contingency and Monitoring Plan for the Rodrigo de Freitas lagoon, the site has a water surface of 2.2 km², average depth of 2.8 m, 7.8 km of perimeter, water volume of approximately 6,200,000 m³ 27 and five residential districts with population of 157,282 inhabitants in the surroundings.
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This is considered a choked lagoon 30 because there is a single sea connection, the Jardim de Alah Channel with 800 m long and 10-18 meters wide, which is mostly silted. Thus, water exchange is very inefficient, which results in an accumulation of suspended particles and organic matter inside the lagoon arising from the rivers. The water catchment area is about 32 km 2 . The Cabeça and Macacos Rivers rise in the Tijuca National Park -a conservation unit entirely located in the city of Rio de Janeiro -and flow into the Rodrigo de Freitas Lagoon through a single channel. The Rainha River rises in the Serra da Carioca, name given to the mountain range that covers the city of Rio de Janeiro. These rivers rise in regions covered by dense Atlantic Forest vegetation, but pass through urbanized areas receiving huge loads of domestic effluents. The regional water system also includes three flood gates: the first one located in the drainage of Cabeça and Macacos Rivers, in General Garzon street; the second one located in the Rainha river, on the Visconde de Albuquerque avenue; and the third one located on the channel connecting the sea, the Jardim de Alah Channel.
These gates remain mostly closed, avoiding the constant depletion of the rivers that are great sources of organic matter and sediment for the lagoon. 27 They are sporadically opened in times of rains to control the water column level and tides influence. The lagoon is eutrophic mainly due to the influence of domestic effluents, 32 and its larger deposits of organic inputs and nutrients result from the inflows brought on by heavy rains that leach the soil, drains through pluvial systems and possibly receive the sewage discharge. Three sites (15, 16 and 17) were included in the second collection performed in December due to dredging operations in the lagoon between June and July to host the Rio de Janeiro Olympic and Paralympic Rowing and Canoeing events. In sites 16 and 17, starting and finishing rowing places, sediment had been dredged and placed at site 15.
During sampling, the sediment was collected with a Van-Veen dredger and the upper two centimeters of sediment were used for granulometry, organic matter, sterols and n-alkanes analysis. Granulometric analysis was performed only in the first collection (April 2016), using the Malvern Mastersizer 2000, a laser diffraction equipment used to evaluate particle size distribution, mostly for fine sediments and data were analyzed by the software Gradistat 6.0 using the screening methodology for thicker sediments. Particle size fractions were determined according to the Wentworth scale. 34 The limits of these classes were slab (> 256 mm), pebble (256-64 mm), gravel (64-4 mm), granule (4-2 mm), sand (2-0.062 mm), silt (0.062-0.004 mm) and clay (< 0.004 mm).
Total organic matter was determined by the gravimetric method, available in the ABNT Standard -NBR 10664. 35 Briefly, an empty capsule previously placed in the muffle at 550 ± 50° C for 1 hour, was used to weighed 25 to 50 g of sample. Then, sample in the capsule was placed in an oven between 103 to 105° C for at least 12 hours and weighed with an accuracy of 10 mg. The total residue was given by the following expression: % total residue = (m 10 × 100) / m g , where m 10 = mass of the total residue in grams and m g = mass of the sample in grams.
Gas emission was calculated through the ebullitive flux, as detailed by Brasil, 36 using "inverted" funnels ( Figure 2 ). Each funnel covered the area of 0.69 m 2 and its apex was connected to a collection flask. One or two funnels were installed at the sites 2, 3, 4, 9 and 14, which were tied together with one tip being attached to anchors to ensure the funnels remain in the correct depth. After 24 hours, an aliquot of the gas was withdrawn and taken for gas chromatographic 3, 4, 9, 14) , extra collection points in the rainy season (15, 16, 17) Gas analysis were performed using a Shimadzu gas chromatography equipment, model GC 2014. Methane was quantified with a flame ionization detector (FID). The calibration was performed in each campaign, using Linde standards; one at 5.04 ppm CH 4 and another at 50.64 ppm CH 4 .
Sterol and n-alkane analysis was performed according to Wakeham and Canuel, 38 with modifications. Initially, sediments were oven dried at 50 °C, homogenized and weighed. Subsequently, approximately 3 g were subjected to total extraction through ultrasonic baths and dichloromethane/methanol treatments for 15 minutes at 35 °C in the following order: dichloromethane 100%; dichloromethane:methanol 1:1 and then 1:2. After each solvent, samples were centrifuged and the supernatant collected. All supernatant was placed in a rotary evaporator to reduce the volume to ~1 mL, then transferred to a vial with heptane, dried under nitrogen gas and identified. Afterwards, extracts were fractionated on a silica column to obtain the fractions relative to n-alkanes and sterols. The total lipid extract was resuspended with 1 mL of heptane and transferred to the top of a chromatographic column made with a silica gel-filled Pasteur pipette (calcined, activated at 120 °C/24 h and deactivated with 5% distilled water) in heptane. 2.0 mL of heptane was added to obtain fraction F1; 2.0 mL of heptane + 50% toluene to F2 fraction; 2.5 mL of heptane + 10% ethyl acetate to F3 fraction; 2.5 mL of heptane + 20% ethyl acetate for fraction F4 and 2.0 mL of ethyl acetate + 2 ml of methanol for the F5 fraction. In this case, only fraction F1, relative to the n-alkanes, and fraction F4 relative to the sterols, were collected, dried in nitrogen and frozen for further analysis in gas chromatography.
Prior to the chromatographic analysis, F1 extract were resuspended in 100 µL of heptane and F4 extract were resuspended in 50 µL of heptane plus 50 µL of BSTFA and oven-heated at 60°C for 30 minutes to derivatize. Samples were injected into a Gas Chromatography equipment, GC7890A, HP Agilent Technologies equipped with FID detector and a 30 m long HP5 capillary column with 320 µm of internal diameter and 0.25 µm of film thickness. The injector temperature was 280°C; 1:10 split injection and detector temperature programmed to 320 °C.
To obtain the n-alkanes, a GC method was applied using a pressure of 4.9 psi was applied in the injector, with hydrogen as carrier gas and average velocity of 38. Calibration curves were made from 50 µg/L of 5-α cholestane standard in solutions concentrations of 10%, 25%, 50% and 100%. Prior to extractions n-alkane and sterols recovery standard (squalene and androstanol, respectively) were added. Response factor for n-alkanes and sterols was estimated to be 56 ± 24% and 82 ± 18%, respectively, and was not considered in calculations. Compounds were identified by comparison to commercial standards (C 8 -C 20 short chain n-alkane, C 21 -C 40 long chain n-alkane, coprostanol, cholesterol, cholestanol, ergosterol, campesterol, stigmaterol, stigmastanol, β-sitosterol, β-sitostanol) injected and confirmed using Agilent 7890A gas chromatograph coupled to 5975C MSD quadrupole mass spectrometer. UCM was calculated from base line discounting resolved peaks. The capillary column used was HP-5MS (30 m, 250 µm, 0.25 µm) with temperature programs described below as the same used in GC/FID. Mass detector settings were: ion source temperature 230 °C, quadrupole temperature 150 °C and auxiliary 280 °C. The detector was autotuned, using routines provided with Agilent Chemstation software. Analysis was carried out with electron energy 70 eV in full scan mode (m/z range 50 to 550 daltons). Samples were analyzed in splitless mode.
The Principal Components Analysis was performed at the program Statistic 7.0 to verify the spatial and seasonal relationships of the variables analyzed providing a more appropriate data view. The Shapiro-Wilk test was performed to test the data normality. When data were not normal, samples were compared using the MannWhitney test. Pearson correlation analysis was performed to verify the relationship between the fluxes and parameters found.
RESULTS AND DISCUSSION

Environmental parameters
In 2016, as presented by INMET, 39 precipitation was higher from January to March and from November to December (Figure 3) . April had the lowest rainfall with values lower than those expected for the season (100 mm). December showed higher precipitation, as expected, including rains during collection. The highest temperatures occurred in April, maximum 35 °C, higher than the climatological normal for the season. In December, temperature was 30 °C on collection days, lower than expected.
The organic matter (OM) at the sediment was very high at sites 2 and 3 in both periods. Values were also higher at site 9 in (Table 1) .
Distribution of n-alkanes
The lowest total concentration of n-alkanes was found at sites 4W (1.52 µg g -1 ) and 15W (1.02 µg g -1 ), both in the wet season and the highest total concentration was found at site 14W (24.27 µg g -1 ) also in the wet season (Table 1) . In most sites, the total values were higher in the dry period, except for site 14. Despite this, n-alkanes concentrations were considered statistically different between the seasons (p < 0,0001) , according to Mann Whitney test.
Individual n-alkanes ranged from C14 to C38. C29 was predominant (Table 1 ) at most sites, followed by C27 or C31, showing the importance of the long-chain compounds present in the environment. Unresolved Complex Mixture (UCM) was detected in most collection sites, ranging from 37.74 µg g -1 (82.69% considering resolved and unresolved n-alkanes total concentration) at 4D to 224.51 µg g -1 (95.51%) at site 9W. The UCM concentration was higher in the wet season, although it was not present at all sites.
Some ratios among the compounds were used to better understand the results. Terrigenous Aquatic Ratio -TAR (Table 2) , a ratio of terrestrial compounds (C27, C29, C31) and those of aquatic origin (C15, C17, C19) 40 suggest whether the organic matter is main aquatic or terrestrial. Values higher than 1.0 indicate terrestrial origin, while lower values indicate aquatic origin. Data are greater than 1.0 at all sites, indicating predominance of terrestrial organic matter sources.
On the other hand, high UCM at most sites indicates petroleum residues. The rate of unresolved to resolved compounds (Unresolved/ Resolved) can be used to indicate the presence of polluted areas. 41 Values higher than 4,0 suggest areas with petroleum residues. 42, 43 At Rodrigo de Freitas Lagoon almost all Unresolved/Resolved rate presents values higher than 4, while only site 4 in the dry season shows lower values. This mixture is composed by hydrocarbons derived mainly from oil spills and fossil fuels. The presence of pristane and phytane also indicates contamination by petroleum residues, 25,44 as they are the main branched n-alkanes found in petroleum. Pristane may also be originated from phytol degradation performed by phytoplankton, zooplankton, bacteria. 45 The Pristane/Phytane ratio (Table 2) confirms these results with values less than 1.0 at most sites. Values close to 1.0-1.5 indicate hydrocarbons derived from petroleum, while values from 3 to 5 suggest biogenic origin. 45 The CPI-carbon preference index is used to indicate the origin of n-alkanes in marine sediments and the relationship between even and odd n-alkanes. 46 Thus, values between 3 and 6 indicate sources in terrestrial plants, while values close to 1.0 indicate petrogenetic sources. 47 Therefore, this ratio also ratifies the previous results, with values close to 1.0 in virtually all sites, despite TAR values indicates terrestrial sources. In some cases, lower values (<0.8) have been identified, suggesting the existence of microbial sources. Thus, these analysis indicate that terrestrial or petrogenic sources were shown to be relevant in the organic matter of Rodrigo de Freitas lagoon.
Total concentrations of n-alkanes were higher than those found in other studies in Brazil. Carreira et al., 48 studying Sepetiba Bay that is contaminated by urban and industrial dumps in the state of Rio de Janeiro, found values between 0.26 and 2.65 µg.g -1 , even though this area presents a more efficient connection with the sea and can reduce the retention time of the organic matter. Maioli et al., 21 studying the eutrophic Manguaba Lagoon, in Alagoas, northeastern Brazil, found total n-alkanes between 0.24 and 1.14 µg g -1 . It is also a choked lagoon that receives urban sewage, but with a semi-arid climate in the upper basin, presenting a dry summer and a wet winter. A region displaying lower rainfall period presents a lower load of organic matter. However, the present study has found values similar to those of Almeida et al. 49 The presence of Atlantic Forest and the importance of terrestrial organic matter is similar to Rodrigo de Freitas Lagoon.
Distribution of sterols
The present study identified eleven sterols: coprostanol (5β-cholestan-3β-ol), epicoprostanol (5β-cholestan-3α-ol), cholesterol (Colest-5-en-3β-ol), cholestanone (5α-colestan-3-one), cholestanol (5α-cholestan-3β-ol), ergosterol (5,7,22-Ergostatrien-3β-ol), campesterol (24-methylcholest-5-en-3β-ol), stigmasterol (24-ethylcholest-5,22(E)-dien-3β-ol), stigmastanol (24-ethyl-5α-cholestan-3β-ol), β-sitosterol (24-ethylcholest-5-en-3β-ol) and β-sitostanol (24-ethyl-5α-cholestan-3β-ol).
Sterols total concentrations varied from 3.5 µg g -1 at 4D to 56.01 µg g -1 at 9D (Table 1) , indicating higher concentrations in the dry period, especially at the site near the Jardim de Alah Channel (Site 9D), where stigmastanol was the main sterol followed by β-sitosterol and stigmasterol. In the wet season, concentrations were higher at sites 2 and 14, in which β-sitosterol is the main compound followed by β-sitostanol and stigmastanol (Table 1) . Despite this, concentrations were not statistically different between the seasons (p> 0.05; p = 0.7572), according to Mann Whitney test.
Sterol compositions indicate great importance of phytosterols (β-sitosterol and stigmasterol) and their degradation products (β-sitostanol and stigmastanol). The prevalence of them indicates the influence of terrestrial plants in the waters of Rodrigo de Freitas lagoon. These sterols may originate in the course of the Cabeça and Macaco Rivers that flow into the Lagoon, traveling through Atlantic Forest regions until reaching the urban zone, where the vegetation around Rodrigo de Freitas lagoon also contribute. Other degraded products (cholestanone and epicoprostanol) and sewage (coprostanol) were relevant in specific sites such as 9D and 14W, suggesting that river drainage and the connection with the sea are important sources of these compounds.
There is no consensus in the literature on the coprostanol levels indicating sewage contamination. Gonzalez Oreja et al., 50 have used coprostanol concentration of > 0.5 µg g -1 as indicator of contaminated environments. Employing this parameter, sewage contamination was identified at sites 2D (0.55 µg g ) and 17W (0.9 µg g -1 ). Grimalt et al. 20 established the use of coprostanol to cholestanol ratio (5β/5β + 5α) to evaluate the influence of domestic effluents on continental aquatic ecosystems. Santos et al. 26 suggest that values above 0.5 indicate highly sewage contaminated tropical environments, while values lower than 0.3 indicate no contamination (Figure 4) . Considering this parameter, site 14 was highly contaminated by sewage (0.52), as well as there was fecal influence at sites 2 (0.35 and 0.31) and 4 (0.37 and 0.36) in the two seasons, and at sites 9D (0.41), 3W (0.37), 16W (0.41) and 17W (0.41). Sewage discharge in Rodrigo de Freitas lagoon is also reported in a study indicating its contamination by several heavy metals such as Hg, Pb, Cu and Zn in its most recent sedimentary layers. 51 Van Weerelt, Signorini, and Enrich-Prast 32 also indicated the existence of fecal origin organic matter in the water of Rodrigo de Freitas Lagoon through total coliforms analysis.
Epicoprostanol to coprostanol ratio (Table 2) discriminates the presence of treated and untreated sewage, 52 in which values lower than 0.2 indicate untreated sewage, whereas levels higher than 0.8 suggest treated sewage. Thus, the results indicated sewage degradation at site 14 (2.76 and 3.25), while it was considered not degraded or degraded long ago at sites 15 and 16 (0.76 and 0.35, respectively), since at these points dump of the dredged sediment occurred at site 17. TAR = C27 + C29 + C31 / C15 + C17 + C19; Pr/Phy = Pristane / Phytane; CPI = even n-alkanes / odd n-alkanes; epi/cop = epicoprostanol/coprostanol A decade before of this study, Stefens et al. 53 found higher fecal sterols concentrations in this lagoon, mainly in the site 15, were it has been disposed the dragged sediments. Comparing our values with other studies (Table 3) , it was observed that coprostanol concentrations and the ratio (5β/5β + 5α) were higher than in some studies carried out in the North, Southeast and South regions of Brazil, such as the Mundaú-Manguaba Lagoon, in Alagoas, Sepetiba Bay in Rio de Janeiro, Patos Lagoon in Rio Grande do Sul and in Concepcion Bay in Chile. 48, [54] [55] [56] Similar comparison was also found in n-alkanes quantification at Mundaú-Manguaba and Sepetiba Bay. Patos Lagoon in Rio Grande do Sul is the largest coastal lagoon that suffers with great anthropic pressure from urban, rural and industrial activities. This largest area may permit a better circulation in those waters. Concepcion Bay in Chile is a semi-enclosed bay that receives domestic and industrial waste discharges and the better connection with the sea enables the circulation of the organic matter. However, concentrations were lower than those found in the State of Rio de Janeiro as in Araruama Lagoon, Guanabara Bay, Santos Bay and in another countries like Dorchester Bay and Ria de Aveiro Lagoon. 22, 57, 58, 60, 68 The Araruama Lagoon, a hypersaline lagoon that underwent a disordered occupation process in its surroundings, receives a large input of organic matter from domestic sewage; the Guanabara Bay, an estuary also located in the urban area of Rio de Janeiro that receives sewage from several rivers flowing in its waters; the Santos Bay in São Paulo and other regions in the world, such as the Dorchester Bay in the USA and Ria de Aveiro lagoon in Portugal, environments under sewage discharge due to urbanization and terrestrial runoff process. The more intense urbanization process and the large amounts of domestic and industrial effluents may be the reason for the higher coprostanol values in those regions.
Although no significant differences have been found, higher concentrations of n-alkanes and sterols in the dry period might be due to the early collection in the season, still under the influence of all organic matter accumulation in the sediment during the wet season. As described by Marotta, 62 rains are responsible for large organic accumulations of nutrients and indicate the need for a more efficient exchange between the lagoon and the sea as pointed out by Rosman.
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Ebullitive Flux
The ebullitive flux of CH 4 63, 64 and can reach more than 98% of the gas flux in shallow lagoons. 65, 66 Methane concentration inside bubbles can reach the surface and represents more than 90% of the gas present in the sediment, since it can pass through the oxidation processes in sediment upper layers without being affected.
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Comparison between CH 4 ebullitive flux and organic matter
Pearson's correlation (Table 4) showed that water column depth negatively correlated with methane ebullitive flux, coprostanol, epicoprostanol, pristane and phytane. In granulometry analysis, sand percentage showed positive correlation with methane ebullitive flux, epicoprostanol, pristane and phytane, while correlations were negative with mud.
Sediment granulometry is an important factor for CH 4 ebullitive flux. 67 Thicker sand sediments favor the capillary gas migration, whereas in thinner sediments, such as mud, gases migrate through fractures with less percolation. In Santos Bay, Brazil, Martins et al. 68 also found higher sterols concentration in sites with higher concentration of silt and clay.
In the present study, site 14 is the only one with sandy sediment, which can explain the higher gas emission at this site, since it is not retained in the sediment. Positive correlation between CH 4 flux with sand content and the negative correlation with mud corroborate these results.
The negative correlation between CH 4 ebullitive flux and water column depth is direct related to pressure. Thus, hydrostatic pressure is reduced when in a lower depth, reducing gas solubility and increasing its emission. 69 This relation was also found in other natural lakes and reservoirs. 69, 70 Sterols and n-alkanes concentrations show the same correlation, since large amounts of organic matter is related with a silted region. A negative association between sterols and n-alkanes concentration with methane ebullitive flux, or between organic matter concentration with methane flux was found. As previously discussed, the differences in granulometry affect organic matter concentration at the sediment and affect this correlation. At wet season, it was raining in the collection week and a recent organic matter was discharging in the lagoon. This explain the higher values of organic matter, sterols and alkanes in this season, mainly in site 14 and also affects the correlation. In this case the organic matter is recent and has not yet been degraded, thus the gas emission is lower.
Harrison et al. 71 and Del Sontro et al. 72 consider that eutophication is an important factor for ebullitive activity. Many works, such as Marota et al., 62 Van Weerelt, Signorini, and Enrich-Prast 32 and Soares et al. 73 consider Rodrigo de Freitas Lagoon as eutrophic. The highest gas emissions to the atmosphere occurred at site 14, mainly in the dry season,with the highest alkanes and sterols concentrations in the wet season, which is also the only region considered highly sewage contaminated. The intense entry of organic matter through the discharge of the Cabeça and Macaco Rivers in this region is an important source for ebullitive flux increase, besides other factors such as low depth and sandy sediment, which generate hotspots for gas emission. The higher organic matter input from sewage sludge and eutrophication contributes with more material to be degraded by decomposing organisms and favors methanogenesis. [74] [75] [76] [77] The anoxic decomposition process considers the organic compounds conversion into CH 4 , and methanogenesis is one step of this process. 78 Rapid inflow and consequent accumulation of materials also help increasing the release of these gases from the sediment. 79, 75 Gas fluxes into the atmosphere, however, do not directly quantify CH 4 produced during organic matter degradation, since part of the produced CH 4 can be oxidized in the water column. 80, 81 The principal components analysis pointed Factor 1 explaining 50.31% of data variability and Factor 2 explaining 17.44%. Thus, 67.75% of data variation was determined by these two forcers ( Figure 5 ). Three groups were formed by these analysis: the first one with sites 14 D and 14W, separated from the others and with some distance between each other. Methane Ebullitive Flux and concentrations of pristane, phytane, coprostanol and epicoprostanol were the main parameters used to determine this group. The second one comprised most of the wet season sites (15W, 4W, 3W, 16W), as well as 3D and 4D. It was formed mainly by Pristane/Phytane concentration, depth and mud. A third group was formed by some dry and wet season sites (9D, 9W, 2D, 2W, and 17W) and is similar in the other alkanes and sterols.
This analysis corroborates the differences at site 14, which is distant to the others. The second and third groups are formed considering the lagoon hydrodynamics. Sites 3, 4, 15 e 16 are placed near the Jardim de Alah Channel, in a region that receives more influence from the ocean waters, while sites 2 and 17 are located in the internal region and with less influence of it. Site 9 is an exception, because although it is situated in the discharge of the Jardim de Alah Channel, this channel is also a source of domestic effluents, being similar to site 14, presenting sewage discharge.
CONCLUSIONS
The Rodrigo de Freitas Lagoon is a source of atmospheric methane (83.5 tonCH 4 /yr), presenting sewage contaminated regions and petroleum derivatives influence that contribute to the increased emissions.
This study helps to better understand the input and output dynamics of nutrients and organic matter in this environment, since these factors affect all the surrounded biota and population. Despite the works and improvements in the Rodrigo de Freitas Lagoon basin, there is still the urban perimeter washing that carries oil derivatives to its waters, irregular sewage discharge in several sites, as well as the need for more efficient water exchanges between this lagoon and the sea.
